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(54) Photovoltaic panel and method of producing same 



(57) A method of producing a photovoltaic panel 
(60; 1 32; 1 70; 172), including the steps of forming a plu- 
rality of holes (32; 1 1 2; 1 60) in a first electrode plate (30; 
110; 150), Htllng, in the plurality or holes, a plurality of 
photovoltaic elements (10; 114), respectively, each of 
which has a P-N junction between a core portion (16; 
120) thereof and a shcti portion (16; 122> thereof, oloc* 
trlcally connecting u first portion of the shell portion of 
the each photovoltaic element to the first electrode 
plate, removing one Of opposite second portions of the 
shell portion of the each photovoltaic element that are 
located on both sides of the first portion of the shell por- 



tion, so that a third portion of the core portion of the each 
photovoltaic clement thai corresponds to the one sec- 
ond portion of the Shall portion is exposed, and electri- 
cally connecting the third portion of the core portion of 
the each photovoltaic element to a second electrode 
plate (44; 130; 152), wherein at least one of the atep of 
electrically connecting the first portion and ihc step of 
electrically connecting the third portion comprises sol- 
dering, w«h a solder (38,54; 118, 1?6; 162, 166), a cor- 
responding one of the first portion and the third portion 
to a corresponding one of the lirst electrode plate and 
the second electrode plate. 
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Description 

BACKGROUND OF THE INA/ENTION 
Field of the Invenlion 

[0001 ) The present invenlion relates Co a photovoltaic 
panel including a plurality of photovoltaic elements and 
a method of producing a photovoltaic cell. 

Discussion of Related An 

[0092] Japanese Pateni Document NO. 6(1394). 
13633 discloses u method of producing a photovoltaic 
panel. This method includes (a) the step of forming a 
number ol hales in an aluminum fofl as an electrically 
conductive member; (b) the step of fitting, in each of the 
thus formed holes, a photovoltaic element having P-N 
junction between a core portion and a shell portion; (c) 
thcfirstconneclingslepof pressings impact pressing, 
the photovoltaic elements which have been healed up 
to 500 9 C to 577 B C, into the holes and Then cooling 
those elements down to the room temperature, so that 
the conductive member Is electrically connected to the 
shell portion of each photovoltaic element; (d) ihe step 
of removing one of respective half portions of the shell 
thai correspond to Ihe opposite major surfaces of the 
conductive member, so that the respective cores of the 
photovoltaic elements are partry exposed; (e) the step 
of forming an electrically insulating layer on the exposed 
portions or the cores of the photovoltaic elements and 
the corresponding one major surface of the conductive 
member; (f) the step of polishing portions or the insulat- 
ing layer covering the cores of the photovoltaic ele- 
ment*, eo thai ihe cores are partry exposed and (g) Ihe 
second connecting step of electrically connecting a sec- 
ond electrically conductive plate-Ilka member to the thus 
exposod portions of the cores ol the photovoltaic ele- 
ments. 

SUMMARY OF THE INVENTION 

[0003] It is an object of the present Invention (0 pro- 
vide a photovoltaic panel at a lower cost than the above- 
described prior art. 

[0004] In a first aspect the present Invention provides 
a method of producing a photovoltaic panel, comprising 
the steps of; 

forming a plurality of holes in a first electrode plate, 
fitting, In said plurality of holes, a plurality of photo- 
vofiaic elements, respectively, each of which has a 
P'N junction between a core portion thereof and a 
shell portion thereor, 

electrically connecting a first portion of the shell por- 
tion of said each photovoltaic elamant to ttio first 
electrode plate, 

removing a second portion of the shell portion so 
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thai a portion of the core portion of each photovolta- 
ic element Is exposed, and 
electrically connecting said exposed portion ol the 
core portion of said each photovoltaic clement to a 
5 second electrode plyle, 

wherein at least one of the step of electrically con- 
necting said first portion Hnd the step of electrically con- 
necting 3Hid exposed portion comprises soldering a cor 
10 responding one of said lirsi portion and said exposed 
portion to a corresponding one of the first electrode plate 
and the second electrode plate. 
[00051 According to a preferred embodiment, there is 
provided a method of producing a photovoltaic panel, 
comprising the steps of forming a plurality of holes in a 
first electrode plate, filling, in the plurality of holes, a plu- 
rality of photovoltaic elements, respectivcry, each of 
which has a P-N Junction between a core portion thereof 
and a shell portion thereof, electrically connecting a first 
20 portion of the shefl portion of the each photovoltaic ele- 
ment to the flrsT electrode plate, removing one of oppo- 
site second portions of the shell portion of the each pho- 
tovoltaic element that are located on both sides of the 
first portion of the shell portion, so that a third portion of 
35 ihe core portion of the each photovoltaic element ihat 
corresponds to the one second portion of the shell por- 
tion is exposod, and electrically connecting the third por- 
tion of the core portion of the each photovoltaic element 
to a second electrode plate, wherein at least one of the 
30 step ol eteclrtcatty connecting the Mrai portion and tho 
step of electrically connecting The third portion compris- 
es soldering, wrth a solder, a corresponding one Of the 
first portion and the third portion to a corresponding one 
of the first electrode plate and the second electrode 
35 plate. 

[0006] In the present photovoltaic-panel producing 
method, the electrical connection between each of the 
photovoltaic elements and at least one or the first and 
second electrode plates is done by soldering. In con- 
<o trast, in the first connecting step of the conventional pro- 
ducing method, each photovoltaic clement and an elec- 
trically conductive member are connected by diffused 
junction In which two elements are bonded to each other 
by utilizing the diffusion of atoms occurring at the Inter- 
's face of the two elements. A device ror carrying out the 
dirt used junction is expensive, and needs to be used at 
a high temporal ure not lower than 500 °C. Moreover, 
the diffused junction needs a long time. The soldering, 
utilized in the present method, does not need an expen- 
se sive device, in addition, the solder can be molten at a 
temperature (from 150 B C to 300 fl C depending on sorts) 
which Id considerably lower than a temperature at which 
the diffused junction is done. Since the solder is easily 
molten, the electrical connection can be done, by the 
99 soldering, in a shorter time. The core portion and shell 
portion of each photovoltaic clement may be connected, 
either directly or indirectly, to the first and second elec- 
trode plates, respectively. 
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[0007] Preferably, the photovoltaic-panel producing 
mclhod further comprises f orml tig the each photovoltaic 
element from a silicon-based material, so thai the each 
clement has the P-N junction between the core portion 
and the shell portion, and forming a layer from a malarial 
having a good capability to be connected to both the sol- 
dor and the silicon-based matenaJ , so thai the layer cov- 
ers at least the first portion of the Shell portion of the 
CBch photovoltaic element. 

[0006] Thus, thc"to-bc-soldered n layer is lormedfrom 
ihe material having Ihe good capability to bo connected 
to both the solder and the phoiovoltaic element. This ca- 
pability can be called as a capability to be connected to 
metals, or an affinity to metals. The to-be-soldered layer 
may cover the entire outer surface of each photovoltaic 
element or a portion of the outer surface- of die same. 
The to-be-soldered layer may be formed by plaling. The 
plating may be either electrolytic plating or chemical (i. 
e., eleclroless) plating. Since the chemical plating can 
be carried out by a cheaper device, it contributes to re- 
ducing the production cost of the photovoltaic panel. 
The material Irom which the to-be-soldered layer is 
formed may comprise at least one of nickel, Titanium, 
cobalt, palladium . gold, and silver. A material comprising 
nickel or titanium ts preferable. 
[0009) Preferably, the step oi tfucirlcally connecting 
rhe first portion comprises soldering the layer covering 
the firm ponlon of the shell portion, to the first electrode 
plate. 

[001 0] Since the shell portion of each photovoltaic el- 
ement is soldered to the lirst eiecrrode plate via the to- 
be-soldered layer, the shell portion is more easily con- 
nected to the electrode plate than the ease where the 
former Is directly connected to the latter. 
[0011] Preferably. (He layer additionally covers tho 
one second portion of the shell portion, and wherein the 
step of removing the one second portion comprises re- 
moving both the layer covering the one second portion, 
and the one second portion, 

[0012] The to-be-soldered layer can be removed by 
using a plating releasing or removing agent, and the 
shell portion can be removed by using an etching agent 
or liquid. The remaining portion of tho to-be-soldered 
layer that is other than Ihe portion thereof to be connect- 
ed by the soldering, may be removed when the one sec- 
ond portion of the shell portion re removed. It Is preferred 
thai the plating removing agent be selected from one of 
those which are not influential to the solder. For exam- 
ple, a strong acid removing agent Is preferable. The 
etching agent may be selected from strong acids auch 
as sulfuric acid, nitric acid, hydrochloric acid, or hydro- 
gen fluoride. For example, a mixture of nitric acid and 
hydrogen fluoride is preferably used to remove the shell 
portion. 

[0013] Preferably, the pholovottalc-panel producing 
method further comprises forming, after the one second 
portion of the shell portion of the each photovoltaic ele- 
ment Is removed and me third portion of the core portion 
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ol the each element is exposed, an eleclneally insulating 
layer to cover tho third portion of the core portion or the 
each element and at least a portion of one of opposite 
surfaces of tho first electrode plate, and removing the 

s insulating layei covering the third portion of the core por- 
tion o/ tho each photovoltaic element, so that the third 
portion of the core portion Is exposed. 
[001 4 J The insulating layer is so formed as to cover 
the exposed, third portions ol the core portions of the 

10 photovoftaic elements, and respective portions of the In- 
sulating layor thai are to be connected to the second 
electrode plate are removed. Since ihe insulating layer 
is provided between the first and second portions of 
each photovollalc element that are connected to the first 

is and second electrode plates, respectively, respective 
conductive layers ol the first and second electrode 
plates are reliably insulated. For example, when the 
core portion of each photovoltaic element Is soldered to 
Ihe second electrode plate, the solder may climb up 

*° along the core portion of the each element. Even in this 
case, the insulating layer can effectively prevent the sol- 
der from reaching the conductive layer of the first elec- 
trode plate. It is preferred that the insulating layer be 
highly capable of electrical insulation. II the Insulating 

2s layer Is rormed of a material which is highly capable of 
application, ft Is easily formed. For example, the insulat- 
ing layer may be formed of a synthetic rosin such as an 
acrylic resin, a uretrmne resin, or an epoxy resin. It is 
preferred that the insulating layer be removed by a me- 

30 chanical method such as sand blasting. However, it is 
not essentially required that the insulating layer be 
formed on the core portion of each photovoltaic clement, 
because, as described later, the First electrode plate may 
include an insulating layer which Insulates the rcspec- 

35 tive conductive layers of the first and second electrode 
plates from each other. 

[0015] Preferably, the photovoltaic-panel producing 
melhod further comprises fotming the each photovoltaic 
element from a silicon-based material, so that the each 

40 element has the P-N junction between mo core portion 
and the shell portion, and forming a layer from a material 
having a good capability to be connected to both the sol- 
der aname silicon-based material, so that the layer cov- 
ers the exposed, third portion of the core portion of the 

45 each photovoltaic clement. 

[0016J This "io-be-soldered" layer may bo tormcd 
from the same material as that from which the to-be- 
soldcrcd layer recited above Is formed, In the same 
manner as that in which the latter layer is formed. 

50 [0017] Preferably, tho step of electrically connecting 
the third portion comprises soldering the layer covering 
the third portion of tf>a core portion, to the second elec- 
trode plate. 

[0018] In this photovoltaic panel, the core portion of 
55 each photovoltaic element Is connected to the second 
electrode plate via tho to-be-soldered layer. 
[0019] Preferably, the photovoltaic-panel producing 
method further comprises forming at least one of the first 
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electrode plate and the second electrode plate, by coal- 
ing at l&ost a portion of one of opposite surfaces of a 
substrate with the solder. 

[0020] Tho substrate may be an electrically insulating 
layer lormed of a synthetic resin . an eleclncaliy con doc- s 
live layer formed ol an electrically conductive material, 
or the combination of an instating layer and a conduc- 
tive layor which are superposed on each Dther. If the 
substrate has a high rigidity, the holes can be easily 
formed by punching The solder may coat one entire sur- to 
face of the substrate, or only a certain portion of one 
surface of the same. 

[0021J Preferably, the step of forming the notes com- 
prises forming the holes such that an area of an opening 
of each of the holes that opens on the side of the one 
surface of tho substrate that is coaled with (he solder, 
is smnlter than an area or an opening of the each hole 
that opens on the side of the other surface of the sub- 
strate, 

[0022] Since the area of opening of each of the holes 20 
That opens on the side of the one surface of the substrate 
that is coated wuh the solder (hereinafter, referred to as 
"the side of tho solder layer) is smaller than the area of 
opening of the same hole that opens on the side of the 
other surface of the substrate, the step of removing The & 
shell portion can be easily carried out. In addition, a 
broader area of the shell portion can be removed. II the 
diameter ol the opening of each hoi a on the side of the 
solder layer Is somewhat smaller than that of each pho* 
lovoliaic element, then the each clement can be reliably ?o 
fixed, by fitting, to the first electrode plate, in the case 
where the holes are formed by punching with a punch, 
it is desirable that the punch be used on the first elec- 
trode plate from the side of the solder layer toward the 
Other side. In this case, the area of opening of each hole 35 
on the side of the solder layer is naturally made smaller 
than the area of opening of the same hole that opens 
on the other side. In addition, the holes are formed with 
accurate dimensions. Therefore, the photovoltaic ele- 
ments are advantageously fitted in respective portions «o 
oi the holes that are located on the side of the solder 
layer. 

[0023] Preferably, the step of electrically connecting 
the first portion and the step of electrically connecting 
the third portion comprise concurrently carrying out both 45 
the step of electrically connecting the first portion and 
the step or electrically connecting the third portion. 
[0024] For example, in the case where both the step 
of electrically connecting the first portion (i.e., tho first 
connecting step) and the step of electrically connecting $0 
the third portion (I.e., the second connecting step) arc 
done by soldering, those two steps may be carried out 
concurrently. In this case, the total number of steps can 
be reduced, that is, the total time needed to carry out al 
the steps can be reduced. Thus, the photovoltaic panel 55 
can be produced at reduced cost For example, after the 
hole forming step, the fitting step, and the removing stop 
are carried out, the core portion may be connected to 



the second electrode plate while the shell portion is con- 
nected to the first electrode plate For example, each 
photovoltaic clement which IS being heated is pressed 
against the second electrode plate. In this manner, the 
shell portion is electrically connected to the first elec- 
trode ptate, and concurrently ihecoro portion is electri- 
cally connect od to the second electrode plate. However, 
the lirsl and second connecting steps may be carried 
out separately from each other. For example, the hole 
forming step, the fitting step, the first connecting step, 
the removing step, and the second connecting step may 
be carried out in this order. More specifically described, 
after each pnotovoltalc element is fitted m the hole 
formed in the first electrode plate, the shell of the each 
element Is connected to the first electrode plate, and 
then the removing step and the second connecting step 
Hre carried out. If in each ol the first and second con- 
necting steps, tho electrical connection is done by sol- 
dering, It is preferred that the melting point of the solder 
used in the second connecting step be lower than thai 
of the solder used in the first connecting step. Since the 
solder used in the second connecting step is heated to 
a temperature lower than that 10 which the solder used 
in the lirst connecting step is healed, the photovoltaic 
elemenls which have been connected to the first elec- 
trode plate in the first connecting step are effectively pre- 
vented from floating on Ihe solder which would other- 
wise be roonen again. 

[0025] Preferably, al reast one of the. step of electri- 
cally connecting the first portion and the step of electri- 
cally connecting the third portion comprises pressing the 
each photovoltaic element against a corresponding one 
of the fiml electrode plate and the second electrode 
plate. 

[0026] It Is preferred that the soldering be carried out 
while each photovoltaic element is pressed against the 
first and/or second electrode plates. However, this is not 
essentially required. The feature just requires that the 
pressing be done during at ICBSt a portion of a time du- 
ration In which the soldering is carried out. 
[0027] In a second aspect the present invention pro- 
vides a method of producing photovoltaic panel, com- 
prising the steps of: 

forming a plurality of holes through a first electrode 
plate including an electrically Insulating layer and 
an electrically conductive layer, 
fitting, in said plurality of holes, a plurality of photo- 
voltaic elements each of which ha3 a P-N junction 
between a core portion thereof and a shell portion 
thereof. 

removing a first portion of ihe sfieH portion of said 
each photovoltaic element that is located on the 
side of the insulating layer of the first electrode 
plate, so that a portion of the core portion of said 
each photovoltaic element is exposed, 
eleclncaliy connecting a second portion of the shell 
portion of said each photovoltaic element to the 
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conductive layer of ihe firei electrode plate, and 
electrically connecting said exposed portion of Che 
core portion of said each photovoltaic element lo a 
second electrode plate. 

[0026] A preferred embodiment provides a method of 
producing a photovoltaic panel, comprising the steps of 
forming a plummy of holes through * ihlcKncss of a first 
electrode plate including an electrically insulating layer 
and an electrically conductive layer which are super- 10 
posed on each other, fitting, in the pluraliry of holes, a 
plurality of photovoltaic elomonts, respectively, each of 
which has a P»N junction between a core portion thereof 
and a shell portion thereof, removing a first portion of 
the shell portion of the each photovoltaic element that J* 
is located on Ihe side of the Insulating layer of ihe First, 
electrode plate, so that a second portion of the core por- 
tion of the each photovoltaic element that corresponds 
to the first portion of The shell portion is exposed, elec- 
trically connecting h third portion of the shell portion of 20 
the each photovoltaic element to the conductive layer ol 
the first electrode plate, and electrically connecting Ihe 
exposed, second portion of the core portion of the each 
photovoltaic clement to a second electrode plate. 
[0029] In the present photovoltaic-panel producing « 
method, the plurality of holes are formed in the first elec- 
trode plate including me insulating layer and the con- 
ductive layer, and the photovoltaic elements are fitted in 
ihe holes, respectively. The present method employs 
the first electrode plate which has the insulating layer, 30 
and no new Insulating layer is formed on the exposed 
core portion of each photovoltaic element. Therefore, 
the present method does not need a polishing step for 
polishing and removing a portion of the Insulating layer 
before tho core portion is electrically connected to the ■» 
second electrode plate. Thus, since the total numbor of 
steps of the present method can be reduced as com- 
pared with that of the conventional producing method, 
the present method can produce the photovoltaic panel 
at reduced cost. <u 
[0030] The producing method according to the sec- 
ond espect may employ any one of the above-described 
features of the first aspect. 

[0031 ] in a third aspect me present Invention provides 
a photovoltaic panel comprising: 4 * 

a first electrode plate having a plurality of holes; 
a plurality of photovoltaic elements each of which 
has a P-N junction between a core portion thereof 
and a shell portion thereof covering a first portion of so 
the core portion, and which are fitted in said plurality 
of holes, such that the shell portion of each of the 
photovoltaic elements is electrically connected to 
the first electrode plate; and 

a second electrode plate which is electrically con- 55 
nected to an exposed portion of the core portion of 
said each photovoltaic element 
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wherein at least one of the shell portion, and said 
exposed portion of the core portion of said each photo- 
voltaic element is soldered to a corresponding one of 
the first electrode plate and the second electrode plate. 
[0032] A preferred embodiment provides a photo- 
voltaic panel comprising a first electrode plaie having a 
plurality of holes; a plurality ol photovotrajc elements 
each of which has a P-N junction between a core portion 
thereof and a shell portion thereof covering a first portion 
of the core portion, and which are fitted in rhe plurality 
of holes, respectively, such mat the shell portion or each 
of The photovoltaic elements is electrically connected to 
the first electrode plate; and a second electrode plate 
which is electrically connected to a second portion of the 
core portion of the each photovoltaic element that is op- 
posite to the shell portion thereof and is not covered by 
the shell portion, wherein at least one of the shell por- 
tion, and the second portion of the core portion, of the 
each phoiovolxaic clement is electrically connected, by 
soldering, with a solder, to a corresponding one of the 
first electrode plate and the second electrode plate. 
[0033] Preferably, the each photovoltaic element is 
formed from a silicon-based material and additionally in- 
cludes a layer which is formed from a material having a 
good capability to be connected lo both the solder and 
the silicon -based material, so that the layer covers the 
at least one of the shell portion and the second portion 
of tho core portion and the at least one of tho shell por- 
tion and the second portion of the core portion Is elec- 
trically connected via the layer to the corresponding one 
of the first electrode plate and the second electrode 
plate. 

[0034] In Ihe present photovoltaic panel, each photo- 
voltaic clement is connected, by soldering, to tho first 
and/or second electrode plales via the to-be-soldered 
layer. 

[0035] Preferably, the material from which the layer Is 
formed comprises at least one of nickel, nickel alloys, 
titanium, coppor, cobalt, palladium, gold, and silver. 
[0036] It is preferred that the to-be-soldered layer be 
formed, by plating, of a nickel alley. The nickel alloy may 
be selected from nfckefccobalt-phosphorus alloy (Nl-Co- 
P), nlexel-lron-phosphorus alloy (Nl-Fe-P). nlckeMung- 
sten-phosphorus alloy (NI-vV-P), ntckc4-rhcnium -phos- 
phorus alloy (Nl-Rc-P), nickel-palladium-phosphorus al- 
loy (Ni-Pd-P), nlckel-coppar-phosphorus (Ni-Cu-P), 
nickel-tin-phosphorus alloy (Nl-Sn-P), ntekeMnc-phos- 
phorus alloy (Ni-Zn-P), nickel manganese-phosphorus 
alloy (Nl-Mn-P), nickel-menium-lungsten-phosphorus 
alloy (Ni-Re-W-P), nickel-rhenlum-tln-phosphorus alloy 
(Nl-Re-Sn-P), and nickel-rhenium-zinc-phospnorus al- 
loy <Ni-rVZn-P). 

[0037] Preferably, at least one of the first electrode 
plate and I he second electrode plate comprises an elec- 
trically Insulating substrate and an electrically conduc- 
tive, solder layer which coats at least a portion of one of 
opposite surfaces of the substrate. 
[0038] The first and second electrode plates may. or 
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may not. be identical with each other. Eaeh electroda 
plate may be provided by ihc combination of a conduc- 
ive layer and a solder layer coating one surface of the 
conductive layer (i.e ., a one-conductive- layer structure); 
the combination of an insulating layer, a conductive lay- 3 
er, end a solder layer coating one surface or the con- 
ductive layer (I.e., a one-conduc?lve-layer-and-one*ln* 
sulating-laycr structure); or the combination of an insu- 
lating layer and a solder layer directly coating one sui- 
face of the insulating layer, (n the last case, the solder 10 
layer functions as a conductive layer. Each conductive 
layer may be provided by a copper or nickel sheet which 
is coated with a nickel plating. Each insulating layermay 
be formed of a synthetic resin such as a phenol resin or 
a glass fiber reinforced plastics. Thu3, the first electrode rs 
plate can be called as a ball arranging substrate. In ad* 
dition. at leant nne of the first end second electrode 
plates may be provided by a printed wiring board. Since 
generally a printed wiring board includes a conductive 
layer, it can be used as it is. so 
[0039] Preferably, the photovoltaic panel further com- 
prises an annular electrical insulator which covers an 
annular portion of the core portion of the each photo- 
voltaic element thai is located between the first and sec- 
ond portions thereof. 

(0040) Since the annular electrical Insulator covers 
the annular portion of in© core portion of each photo- 
voltaic element that is located between the first end sec- 
ond portions thereof that arc eventually connected to the 
lirel and second electrode plnies, respectively, the first *u 
and second electrode plates can be reliably insulated 
from each other. 

[0041 J Preferably, the first electrode plate comprises 
an electrically Insulating substrate and an electrically 
conductive, solder layer which coats at least a portion 35 
of one of opposite surfaces of the substrate, and where- 
in an area of an opening of each of the holes ttiat opens 
on the aide of the one surface of the substrate Is smaller 
than an area of an opening of the each hole that opens 
on the side of the other surface of the substrate. *o 
[0042] In a fourth aspect the present invention pro- 
vides a photovoltaic panel comprising a first electrode 
plate including an electrically insulating layer and a first 
electrically conductive layer, which ana prafarabry super- 
posed on each other, the first electrode plate having a as 
plurality of holes formed therein, preferably through a 
IhicXness thereof; a plurality of photovoltaic elements 
each of which has a P-N junction between a core portion 
thereof and a shell portion thereof covering at least a 
first portion of (he core portion that is located on the side so 
of the first conductive layer of the first electrode plate, 
and which a re fitted tn ffle plurality of holes, respectively, 
such that the shell portion of each of the photovoltaic 
elements is electrically connected to the first electrode 
plate; and a second electrode plate including a second ss 
electricaly conductive layer which is electrically con- 
nected lo a second portion of the core portion or the each 
photovoltaic element that Is located on the side of the 



insuiating layer of the first electrode plate and is not cov- 
ered by the shell portion. 

[0043] In the present photovoltaic panel, the first elec- 
trode plate including the insulating layer and the first 
conductive layer has the plurality of holas, and the pho* 
tovottaic elements arc fitted in the holes, respectively. 
One half portion of the core portion ol each photovoltaic 
element thai is located on the side of the first conductive 
layer of the first electrode plate is covered by the shell 
portion, and at least a ponton of the other half portion of 
the core portion that is located on the side of the insu- 
lating layer is exposed and Is electrically connected to 
the second electrode plate. Upon incidence of a light to 
the shell portion on the side of the first conductive layer, 
an electric current flows between the first and second 
conductive layers via an external resistor. 
[0044] The present photovoltaic pane? may employ 
any one of the above-described features of iho third as- 
pect. 

[0045] Preferably, the p hotovottaic panel further com- 
prises an annular space which surrounds an annular 
portion of the core portion of the each photovoltaic ele- 
ment that is located between the first and second por- 
tions thereof. 

[0046] In the present photovoltaic panel, the annular 
space functions as an Insulator. This insulator is not 
formed by chemical treatment, and the annular apace is 
not ftited with an Insulating matorial in a molten stale. 
Thus, the air present in the annular space functions as 
the insulator. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0047] The above and other objects, features, advan- 
tages and technical and Industrial significance of the 
present invention will be better understood by reading 
the following detailed description of preferred embodi- 
ments of the Invention, when considered in connection 
with the accompanying drawings, In which: 

Fig. 1 is a view for explaining a to-bo-soidered-iayer 
forming step of a photovoltaic-panel producing 
method embodying the present Invention; 
Fig. 2 is a view for explaining a hole forming step of 
the method of Fig. 1; 

Fig. 3 is a view for explaining a first connecting step 
of the method of Fig. 1 ; 

Fig. 4 is a view for explaining a to-be-soldered- layer 
removing step of the method of Fig. 1 ; 
Fig. 5 is a view for explaining a protective- layer 
forming step of the method of Fig. 1; 
Fig. Q is a view for explaining a shell-portion remov- 
ing step of the method of Fig. 1 ; 
Hg. 7 Is a view for explaining an electrically-insulat- 
ing-laycr forming step of the method of Fig. 1 ; 
Hg. 8 Is a vtow for explaining an insulating- layer re- 
moving step of the method of Fig, 1; 
Fig. 9 Is a view for explaining a lo-be-soWered-layer 
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forming step of the method of Fig. 1 ; 
Fig. 1 0 is a view lor explaining a second connecting 
step of the method of Fig. 1 ; 
Fig. 11 is a partfy cross-sectioned view of a photo- 
voltaic panel produced according to The method in- 
cluding the steps of Figs 1 lo 10; 
Fig. 12 is a view tor explaining a hole-forming step 
and a fining step of another photovoltaic- pan el pro- 
ducing method as a second embodiment of the 
present invention; 

Rg 13 ia a view lor explaining a removing step or 
the method of Fig. 12, 

Rg. 14 is a view for explaining a first connecting 
step and a second connecting step of the method 
or Fig. 12; 

Fig. 15 is a partly cross-seclioned view of a photo- 
voltaic panel produced according to tha method in- 
cluding the steps of Figs. 12 to 14; 
Fig. 16 is a view for explaining a hole- forming step 
and a fitting step of another photovoltaic-panel pro- 
ducing method as a third embodiment of the present 
invention; 

Fig. 17 is a view lor explaining a removing step of 
the method of Rg. 1 6: 

Fig, is is h view for explaining a first connecting 
step and a second connecting step of the method 
of Fig. 16; 

Fig. 19 Is a partly cross-sectioned view of a photo* 
voltaic panel produced according to the method In- 
cluding the steps of Figs. 16 lo 18: and 
Fig. 20/ is a perspective view of a photovoltaic panel 
produced according to another photovoltaic-panel 
producing method as a fourth embodiment of Ihe 
present Invention. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0048] Hereinafter, there will be described a phoro- 
vottaic panel and a method of producing a photovoltaic 
panel, to both of which the present invention Is applied, 
by reference to the drawings. 

[0049] In Fig. 1. reference numeral 10 designates a 
representative one of a plurality of silicon baits each as 
a photovoltaic element. A nickel layer 1 2 as a to-be-sol- 
dered layer is formed on an outer surface of the silicon 
ball 10. This is the step of forming the to-be-soldered 
layer. 

[0050] The silicon ball 10 includes a core portion 16 
as a P-type silicon and a shell portion 18 as an N-type 
silicon. For example, the shell IB or the N-type silicon 
is formed by doping an impurity such as arsenic into an 
outermost layer of the P-type silicon ball. 
[0051 ] In the present embodiment, the nickel layer 1 2 
is formed by subjecting the alicon ball 10 to chemical 
plating (I.e., electroless plating). More specifically de- 
scribed, the nickel layer 12 is formed on on outer surface 
of the silicon ball 1 0 by Immersing the ball 1 0 In a plating 



I2 332A2 12 

bath including a nickel salt such as nickel sulfate and a 
reduefng agent such as sodium hypophosphito or po- 
tassium boron hydride. 

[0052] Since the to-be-soldered layer 12 is formed of 
5 nickel, Ihe cosl of production of the layer 1 2 is lower than 
that of a layer formed of gold or silver. In addition, the 
nickel enjoys the advantage that it influences little to the 
silicon ball 10. 

[0053] As shown in F|g. 2, a number of holes 32 i3 

io lormed through the thickness of a first electrode plate 
30. This is the step ol forming iho holes. The first efec- 
trode plate 30 is formed by carrying out a solder-pre- 
coating treatment on one major surface of an electrically 
conductive layer M (This is the electrode-plate forma- 

« tion). Thus, the first electrode plate 30 includes the con- 
ductive layer 34 and the solder layer 35 which are 
stacked on one another, In the present embodiment, the 
conductive layer 34 Is formed ol copper, and the solder 
layer 36 is formed by coating, on the copper layer 34 , a 

zo binary ulloy (i.e., a solder) which includes 95 parts by 
weight of tfn and 5 parts by weight of silver. The melting 
point ol this solder is considerably high, 245 "C. As will 
be described later, the melting point {245 °C) of the sol- 
der of the solder layer 36 of the first eleclrode plate 30 
is higher lhan thai of Ihe solder of a solder layer of a 
second electrode plate, so that during a second con- 
necting step following a first connecting step. Ihe first 
electrode plate 30 is prevented from being molten again . 
[0054) rt Is preferred that the thickness or the solder 

x> layer 35 be equal to the proportion of from 15 % lo 20 
% of the thickness of the conductive layer 34. However, 
this Is not an essential requirement, and the proportion 
of Ihe thickness of the solder layer 36 lo that ol the con- 
ductive layer 34 may be not less than 5 %, not less than 

35 10%, not lass than 15%, not less than 20%, or not less 
than 25 %. Likewise, It Is preferred that the proportion 
of the thickness of me solder layer 36 to that of the con- 
ductive layer 34 may be not more than 15 %, not more 
then 20 %, not more than 25 %, not more lhan 30 %, or 

*o not more than 35 %. 

[0055] Each of the holes 32 has a generally cylindrical 
shape, and the diameter of opening of tho each hole 32 
Is somewhat smaller than the diameter of the silicon ball 
10 lormed with the nickel layer 12, A punching machine 

45 is used to punch the holes 32 through the thickness of 
the first electrode plate 30. 

[0056] However, the holes 32 may be formed by drill- 
ing, or by using a chemical reaction such as etching. 
[0057] As shown in Fig. 3, after the silicon balls 1 0 are 

50 fitted in the respective holes 32 of the first electrode 
plate 30, the balls 10 are electrically connected to the 
first electrode plate 30. This is the fining step or the first 
connecting step. A number of silicon balls 10 are fitted 
in, and fixed to. respective holes 32 of the first electrode 

55 pints 30, by first placing the balls 1 0 on one major sur- 
face of the plate 30 and then applying vacuum to the 
other major surface of mo plate 30. Subsequently, a 
pressing device is operated to press the silicon balls 10 
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which have been heated, ugatnsi the first electrode plate 
30 which has also been healed. Consequently the sol- 
der layer 36 is moilen and bonded lo the to-be-soldered 
layer 12 Of each silicon ball 10, so that the each ball 10 
is electrically connected lo ihe first electrode plate 30 > 
Thus, each silicon ball 1 0 is advantageously connected 
via the nickel layer 12 to the first electrode plate 30 
[0058] It is desirable \\m\ Hie first connecting stop bo 
earned out in the atmosphere of inert gas in a re-How 
hoating furnace. When the first connecting step is car- *o 
ried out m ihe atmosphere of inert gas, the solder is ef- 
fectively prevented from spreading loo wide and from 
prpduelng bubbles. 

[0059] The silicon balls 10 are heated to a tempera* 
tura which assures that the solder is molten and bonded 'J 
\o in* silicon balls 10. In the present embodiment, this 
temperature is selected at a value, SOS a C, higher by 
about 50 °C than the molting point, 2*5 °C. of the solder. 
The temperature ol 295 'C is lower than the tempera- 
ture, 530 *C, at which diffused junction is earned out in &> 
a conventional method. 

[0060J The pressing force which is applied by the 
pressing device to the silicon balls 10 is selected at a 
value which assures that the balls 1 0 can befitted in the 
holes 32 of the first electrode plate 30, This may be a 
smell value. The application of the pressing force effec- 
tively prevents the solder from permeating from the one 
major surface of the conductive layer 34 on which the 
solder layer 36 Is provided, to the other surface of the 
layer 34, and thereby preventing Ihe balls 10 horn float- 90 
ing on the molten solder. The first connecting step can 
be said as a heating and pressing Step. 
[0061 ) However, the first connecting step may be car- 
ried out in an ambient air. 

[0062] As shown in Fig. 4, the nickel layer 12 is re- 35 
moved. This rs the step of removing the to-be-sold cred 
layer. The nickel layer 12 Is removed by using a plating 
removing agent as a liquid. Since the nickel layer 12 Is 
not transparent, i.e., does not transmit light, this layer 
12 needs be removed on one side of the first electrode 40 
plate 30 that is exposed lo light 
[0063] As the plating removing agent, a strong base 
agent is used. If a strong acid agent is used, the solder 
might be dissolved Into the agent. The strong base 
agent or liquid is applied to the nickel layer 12 to remove *s 
the same 12. 

[0064] As shown in Fig. 5, a protective layer 40 is 
formed on the one side of the first electrode plate 30 that 
Is exposed to light. This is the step of forming the pro- 
tective layer. The protective layer 40 is formed of a highly *o 
light-transmitting (or transparent) material such as resin 
(e.g., a transparent resin) or ceramics (e.g., glass). The 
protective layer 40 is provided for the purposes of pro- 
tecting the silicon balls 10 and the first electrode pi ale 
30 against solvents (or chemicals) and/or heat which will 
be used in subsequent steps, preventing the bajls 10 
and the plate 30 from being damaged by colliding with 
foreign matters, and effect Ivory utiltrlng the light Incident 
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to the silicon balls 10. 

[0065] To these ends, it is desirable that the protective 
layer 40 be formed of A material which is excellent wilh 
respect to electrical insulation, heal resistance, and 
chemical resistance and which prevents reflection ol 
light and promotes scattering and containing of light. In 
addition, it the protective layer 40 Is formed of a material 
which ts excellent whh respect lo workability (i.e., the 
degree of applicability), the layer 4o is easily formed. 
For example, the protective layer 40 is formed of acrylic 
resin, urelhanc resin, or epoxy resin, The acrylic rosin 
is the most desirable one of those resins. 
[0066] As shown in Fig. 6. etching is carried out to re- 
move ft portion of the shell 18 (i.c . N-type silicon) of 
each silicon ban 10 that is located on the other sido of 
the first electrode plate 30 on which the protective layer 
40 is not provided. This is the step of removing the shell 
Of each silicon ball. In (he present embodiment, an etch- 
ing agont or liquid including hydrogen fluoride and nitric 
acid is used. Consequently a portion of the core 15 or 
P-type silicon of each silicon ball 10 is exposed. Since 
the protective layer 40 protects the one side of Ihe first 
electrode plate 30, no shells B are removed from the sil- 
icon balls 10 on the one side of the plate 30, 
[0087] As shown in Fig. 7. an electrically insulating 
layer 42 is lormed to cover the respective exposed por- 
tions of the cores 1 6 of the silicon bells 1 0 and the other 
side of the first electrode plate 30 on wh rch the protectee 
layer 40 Is not provided. This Is the step of forming the 
insulating layer. This insulating layer 42 need not have 
transparency, but it is preferred that the layer 42 be ex- 
cellent with respect to heal resistance, chemical resist- 
ance, electrical Insulation, and degree of applicability. 
Like the protective layer 40, Ihe Insulting layer 42 may 
be formed of acrylic resin, urethane resin, epoxy resin, 
or silicone resin. 

[0068] In the case where the conductive layer 34 of 
the first electrode plate 30 is lormed of aluminum, an 
aluminum-oxide film may be formed, by alumite treat- 
ment (anodic oxidation), as the Insulating layer 42 on 
the aluminum layer (i.e., conductive layer) 34 and the 
exposed portions of the cores 16. 
[0069] As shown in Fig. 6, respective portions of the 
insulating layer 42 that cover the respective portions of 
the cores 16 that are to be electrically connected lo a 
second cloctrode plate 44. This Is the step of removing 
the insulating layer, and can be said as the polishing 
step. In the present embodiment, sand blasting in when 
a polishing material such as sand Is applied with a com- 
pressed air, is employed to remove the respective por- 
tions of the Insulating layer 42. 
[0070] As shown in Fig. 9. a masking tape 4B Is ad- 
hered to an outer surface of the protective layer 40 and 
subsequently a nickel layer 48 as a Le-be-SOldered layer 
is formed on the exposed portion of each core 16. This 
Is the step of forming the to-be-soldered layer. The 
masking tape 45 is employed for preventing a plating 
agent or liquid from being adhered to the protective layer 
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40. The masking tape 46 is easily peeled from the pro- 
tective layer 40, without damaging the outer surface of 
the layer 40, or without leaving any glue on the layer 40. 
Like the nickel layer 12, the nickel layer 48 is formed by 
chemical plating, 

[0071] Though the masking tape 46 is not essentially 
needed, it is desirable to use the tape 46 for preventing 
the lowering of The Transparency of the protective layer 

40 

[0072] As shown in Fig. 10, the respective eoros 16 
ol Ihe silicon bnlls 1 0 are electrically connected via the 
respective nickel layers 48 to the second electrode- plate 
44. This is the secondconnectlng step. More specifically 
described, a re-flow heating furnace accommodates the 
second electrode plate 44 such That the plate 44 is op' 
posed (o the respective nickel layers 46 formed on the 
cores 16, and a pressure is applied to the silicon balls 
to which havo been heated. Like the first electrode plate 
30, the second electrode plate 44 includes an electrical- 
ly conductive layer 52 and a solder layer 54 which are 
stacked on each other. However, the solder layer 54 is 
formed of a ternary alloy (i,e„ solder) including 15 parts 
by weight of lead, 5 parts by weight of silver, and 80 
parts by weight of indium. The malting point, 157 °C, of 
this solder is low and accordingly the second connecting 
step is earned out by heating The silicon balls 10 to a 
temperature not higher man 200 °C at which the solder 
of tho solder layer 36 that electrically connects the first 
electrode plato 30 to the silicon balls 10 Is not molten. 
Thus, the balls 1 0 are effectively prevented from floating 
en the molten solder. Since the silicon baits 10 is 
pressed against the second electrode plate 44, the balls 
10 are effectively connected to the ptete 44. 
[0073] Since the insulating layer 42 is provided, the 
solder ol the solder layer 54 is prevented from moving 
("climbing") along the outer surface of each core 1 6, 
when the second electrode plate 44 Is connected to 
each silicon ball 1 0, or even reaching the first electrode 
piste 30 to cause short circuit between the first and sec- 
ond electrode plates 30, 44. That Is, the insulating layer 
42 reliably insulates the first and second electrode 
plates 30, 44 from each other. 
[0074] Subsequently, the masking tape 46 is peeled, 
and a photovoltaic panel 60, shown in Fig. 11. ra ob- 
tained. A solar battery is obtained by arranging a plural- 
ity of photovoltaic panels 60 in a common plane. When 
a natural light is Incident to the protective layer (I. a., re* 
flection-preventing coating) 40 of each photovoltaic 
panels 60, an electric current flows between the first and 
sscond electrode plates 30, 44 via an external resistor 
(not shown). 

[0075] It emerges from tho foregoing description thai 
In the present producing method, each silicon ball 10 Is 
connected to the first electrode plate 30 via the first sol- 
der layer 36, and to the second electrode plate 44 via 
The second solder iayar$4. Therefore, the present meth- 
od can be carried out with a cheaper device, at a lower 
temperature, and in a shorter time than the convention- 



al, diffused ju nction is curried out. In addition, since each 
silicon ball 10 is supported by the first and second elec- 
trode plates 30, 44, the photovoltaic panel 60 as awhole 
enjoys a high strength. 

5 [0O76J In the illustrated embodiment, each of the first 
and second electrode plates 30, 44 includes the con- 
ductive layer and the solder layer. However, the conduc- 
tive layer may bo repiacad wUh an insulating layer, or 
the combination of a conductive myer and an insulating 

to layer. In the case where the conductive layer is replaced 
with the Insulating layer, the solder layer functions as a 
conductive layer. In the last case, for example, a plate- 
like member which Is formed of a synthetic resin such 
as a phenol resin or a glass fiber reinforced plastics is 

is lined with a copper plate and subsequently is subjected 
to a solder-precoaling treatment, to provide each elec- 
trode plate 30, 44. 

[0077) In the case where the first electrode plate 30 
includes the insulating layer, it is not essentially needed 

iO to provide the insulating layer 42 on the cores 16, be- 
cause the insulting layer of the first electrode plate 30 
can electrically insulate the respective conductive layers 
of the first and second electrode plates 30, <i4. Depend- 
ing upon the conditions (e.g., temperature) under which 

25 the second connecting stop is carried out using the sol- 
der, or depending upon Ihe sort of the solder used, it is 
possible to prevent the climbing ol the solder, 
[0078] The silicon balls 10 may ba replaced with sili- 
con pans eecn of which includes an N-type core portion 

30 and a P-type shell portion, l-typc silicon may be inter- 
posed between the P-type silicon and the N-type silicon. 
[0079] In the ilfusrraied embodiment, the nickeJ layers 
12, 48 are formed by chemical plating on each silicon 
ball to. However, each nickel layer 12, 48 may do 

35 formed by a chemical vapor deposition (CVD) other than 
chemical plating, or a physical vapor deposition (PVD) 
such as vacuum vapor deposition or spattering. 
[Oo$0] The respective solder layers 36, 54 of the first 
and second electrode plates 30, 44 may be formed of 

4 ° two other solders than tho above-described solders, so 
long as the respective melting points of the two other 
solders substantially differ from each other. In the latter 
case, It Is desirable that the other solders have a bond- 
ing characteristic similar to that of the above-described 

43 solders. 

[0081] Next, there will bo described another photo- 
voltaic-pane! producing method as a second embodi- 
ment of the present Invention, by reference to ttgs. 12 
to 15. 

so [ooa2] As shown In Fig. 1 2 r a number of holes 1 1 2 are 
formed In a first electrode plate 110; and a silicon ball 
1 14 is fitted in each of the thus formed holes 1 1 2. These 
are the stop of forming the holes and the step of fitting 
the silicon balls In the holes. 

bo (0083] The first electrode plate 1 1 0 includes an eleo- 
trlcafly Insulating layer 116 and a first electrical V con- 
ductive layer 11 8. The insulating layer 116 is provided 
by a plate-like member which Is formed of a synthetic 
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resin such as □ phenol resin. The first conductive layer 
118)s formed by precoatlng a substantially cmlre portion 
of ope of opposite major surfaces of the insulating layer 
1 1 6, with a solder. When the Thickness of ihc Insulating 
layer H6 Is OP mm, ihc first conductive layer, 11 B is 
formed by applying the solder to the insulating layer 1 1 6 
so as to have a thickness equal to 30 to 40u. . As de- 
senbed previously, ii is prefarrcd that Lhe proportion of 
[ho thickness of the first conductive layer 11 8 be equal 
to 15 % to 20 % of tho thickness of the insulating layer 
116. However, this is nut essentially required, and it is 
possible that the proportion of the thickness of tho first 
conductive layer 11 B be equal to nor less than 5 %, not 
less than 10%, not Jess than 15%. not lass than 20 %, 
or not less than 25%, of that of the insulating layer 1 15. 
In addition, it is preferred That the proportion of the thick- 
ness of the first conducive layer 1 1 8 be equal to not 
more than 15 %, not more than Z0%, not more than 25%. 
not more than 30 %, or not more than 35%, of that of 
The insulating layer 116. Thus, the first conductive layer 
1 1 8 may be said as a solder layer. That is, the layer 1 1 8 
functions as both a conductive layer and a connecting 
layer (i.e., a soldering layer). 

[0084] Each of the silicon balls 114 has a spherical 
shape Including a core portion 120 as P-lype silicon and 
a shell portion 1 22 as N-type silicon. 
[0085] Each of the holes 112 is Termed such that an 
area of an opening of tho each hole 112 that opens on 
the side of the lirst conductive layer 11 b Is smaller than 
An area of an opening of the same hole 112 that opens 
on tho side of the insulating layer 116, 
[0088] As shown In Fig. 1 3, a portion of the shell por- 
tion 122 that is located on the side of the Insulating layer 
116 of each silicon ball 114 is removed by etching. This 
is the removing step. The insulating layer 116 prevents 
the first conductive layer 116 from being adversely in- 
fluenced by the etching. 

[0087J As shown in Fig 14. the shell portion 112 of 
each silicon ball 11 4 is electrically connected to the first 
conductive layer 118, and the ©one portion 120 is elec- 
trically connected to a second electrically conducive lay- 
er 126 of a second electrode plate 130. These a/o tho 
first connecting step and the second connecting step. 
[0088] The second electrode plate 130 Includes, like 
the first electrode plate 1 1 0, the second conductive layer 
126 and an insulating layer 128, and is provided on the 
aide of the Insulating layer 116 of the first electrode plate 
1 1 0. In this state, the second conductive layer 126 faces 
toward the respective exposed cores 120 of the silicon 
balls 114 from which the respective shell portions 122 
have been removed, and contacts the Insulating layer 
116 of the. first electrode plate 110. 
[0089] Next, a pressing device Is operated to press 
the silicon balls 114 which have been heated, against 
the second electrode plate 130 which has been also 
heated. Consequently the solder layers 116, 126 are 
molten, so that the shell portion 122 of each silicon ball 
114 is connected to the first conductive layer 11a, and 



the core portion 120 of the same 11 4 is connected to tho 
second conductive layer 126. This may be said as lhe 
refiowing step. 

[0040] The silicon bails 1 1 4 and rhe first and second 
5 electrode plales 110, 130 are healed to a temperature 
which assures thai the solder layers 11 a, 126 arc molten 
and bonded to the silicon balls 114 Since iho solders 
arc materials which are molten at considerably luw tonv 
peraiures{c.g. t 1B0 to220°C), the silicon balls 114 are 
to connected lo the lirst and second electrode plates 110, 
130 a: a lower temperature than ihat at which the con- 
ventional, diffused Junction is carried out. 
[0091] The pressing force applied to the silicon balls 
114 is selected at a value which assures that the balls 
« 114 arc bonded to the first and second conductive layers 
119,1 26, and this value may be small Since the press- 
ing force just helps connect the silicon balls 11 1 to the 
first and second electrode plates 11 8, 1 26, it may not be 
great. 

20 [0092] Subsequently, a reflection-preventing coating 
is provided on respective portions (i.e., respective shell 
portions 122) of the silicon balls 114 that project out on 
the sicto of the first conductive layer 118 of the first elec- 
trode plate 11 0; and the outer surface of the first con- 

& ductive layer 116. Thus, a photovoltaic panel 132, 
shown in Fig. 15, is obtained 

[0093] The present photovoltaic panel 132 Includes 
an annular space 134 which externally covers an annu- 
lar portion of the exposed core portion 120 of each sili- 

30 con ball 114 thai is different from a lower end portion 
thereof electrically connected to the second conductive 
layer 126 and docs not contact the Insulating layer 116. 
This annular space 134 provides an annular insulating 
layer. Since the insulating layer 118 is not ono which Is 

a? obtained by carrying out a chemical treatment on the 
outer surface of the exposed core portion 120, the ex- 
posed core portion 120 can have the annular portion 
which doe3 nol contact the insulating layer 116. 
[0034] Thus, the first and second conductive layers 

40 118, 126 are electrically Insulated by the air present in 
the annular space or layer 134, and the weight of the 
photovoltaic panel 132 is accordingly reduced. 
[0095] It emerges from the foregoing description that 
in the second embodiment, the first electrode plate 110 
having the insulating layer 1 1 6 is employed. That Is, no 
Insulating layer is formed after the shell portion 122 of 
each silicon ball 114 is partly removed. Therefore, the 
second conductive layer 126 can be connected to the 
respective exposed core portions 1 20 of the silicon bells 

HO 114 from which the respective shall portions 122 have 
been removed. Since the present producing method 
does not need an insulating-layer polishing step which 
is needed in the conventional producing method, the 
present photovoltaic panel 132 can be produced at an 

55 accordingly reduced cost. 

[0096) In addition, In the present embodiment, the first 
connecting step In which the shell portion 122 Is con- 
nected to the first conductive layer 118 and the second 
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connecting step in which the core portion 120 is con- 
nected lo the second conductive layer 126 are concur- 
rently carried out. Therefore, a total number of stops can 
be reduced, or a toial time needed to produce the panel 
132 can bo reduced. Since the firsi and second conned- 5 
ingsiepfi can bo carried out at a lower temperature and 
a smaller pressing force than those at which the con- 
ventional pruducing method is carried out, as described 
above, a total energy needed to produce the panel 132 
can be reduced « 
[0097J In tho second embodiment, each silicon ball 
1 1 4 may additionally have a nickel layer outside the shell 
portion 122 and/or tho oxposed core portion 120. In the 
latter case, the shell portion 1 22 and/or the core portion 
1 20 can be electrically connected to the solder layer or 
layers 116. 126. 

[0098] At least one of a first and a second electrode 
plate may be provided by a printed wiring board, Figs. 
1 B, 17, and 16 shows another photovoltaic-panel pro- 
ducing method, as a third embodiment of the present so 
invention, in which each of a first and a second electrode 
plate is provided by a printed wiring boHrd 150, 152. 
10099] Each of the two printed wiring boards 1 50, 1 52 
includes a synthetic-resin plate 1 56 as a plate-like insu- 
lating layer, and a conductive layer 15B which is provid- ss 
cd by Adhering a copper sheet to one or opposite major 
surfaces of the resin plate 156. 
[01 00] A connecting layer 1 62 is formed by printing a 
solder on respective portions el an outer surface of the 
conductrvo layer 158 of the printed wiring board 150 as 30 
the first electrode plate where a plurality of holes 160 
are to be formed. Similarly, a connecting layer 166 is 
formed by printing a solder on respective portions ef an 
outer surface of the conductive layer 15B of the printed 
wiring board 162 as the second electrode plate that are & 
to lace the respective cores 120 of the silicon balls 11*. 
The respective patterns of the solders printed on the 
conducive layers 15B may be formed by subtraciive 
method or additive method. 

[0101] The following steps employed in the third em- 
bodiment are basically the same as those employed In 
the second embodiment, andflnairy a photovoltaic panel 
170, shown in Fig. 19, is obtained. However, in the third 
embodiment, as shown in Fig.. 1B, a pressing force is 
applied to the silicon balls 114, while the bails 11 4 are <5 
heated. Therefore, the silicon balls 114 are connected 
to the conductive layers 158 via the connecting layers 
ISA formed of the conductive materials (i.e., the sot- 
dors). More specifically described, the shell portion 122 
and the core portion 120 of each silicon ball 114 are elec- so 
trtcally connected to the two conductive layers 1 58, re- 
spectively, via the respective connecting layers 1B2, 
186. 

[0102] In the third embodiment, too, the pressing 
force just helps electrically connect the silicon baits 114 ss 
to the conductive layers 1 5. Therefore, since the press- 
ing force may be small. In addition, it is not needed to 
forcibly press the silicon balls 1 1 4 Into the holes 1 60, the 
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pressing force employed In the third embodiment may 
be smaller than that employed in tho first or second em- 
bodiment. 

[0103] Since in the third embodiment the primed wlr 
ing boards 150, 152 are employsd as the electrode 
plates, the respective conductive layers 153 which have 
already been formed on the boards 150, 152 can be 
used as the lirel and second conductive layers. 
[0104] However, it is not essentially needed to form 
the connecting layers 162, 166. In this case, the silicon 
bulls 114 may be electrically connected, by pressing on- 
ly, to tho conductive layers 158. Since in this case no 
polishing step is needed to polish an insulating layer, a 
photovoltaic panel can be produced at a lower cost ihwn 
the conventional producing method. 
[0105] In the third embodiment no space is provided 
between the two pnmed wiring boards 150, 152. Since 
no space is provided, (he photovoltaic panel 1 70 en)oys 
an improved utrength. 

[0106] However, it is not essentially required that no 
space be provided between the two printed wiring 
boards 150, 152 which are superposed on each other. 
For example, it is possible to provide a space between 
the insulating layer 156 of the board 150 and the con- 
ductive layer 158 of tho board 152. In the last cose, a 
hot air may be flowed through that space to heat the 
connecting material or layer 166. Fig- 20 shows a pho- 
tovoltaic panel 172 which is produced in this manner. 
[0107] Each of the first and second electrode plates 
30. 44. 1 1 0, 1 3D, 1 50, 1 52 may be loaned Irom a mate- 
rial other than those specified Jn the foregoing descrip- 
tion. Each insulating layer may be formed from a ceram- 
ic material such as glass, and each conductive layer 
may be formed from a tow-resistant metallic material 
such as an aluminum alloy. 

[0108J Each lealure disclosed in this specification 
(which term includes the claims) and/or shown in the 
drawings may be incorporated in the Invention Inde- 
pendently of other disclosed and/or illustrated features. 
[01 09] Statements In this specification of the ''objects 
of the invention" relate to preferred embodiments of the 
Invention, but not necessarily to all embodiments of tho 
invention falling within the claims. 
[0110] The description of the invention with reference 
to the drawings rs by way of example only. 
[01 11] The text or the abstract Tried herewith is repeat- 
ed here as part of the specification. 
[0112] A method of producing a photovoltaic panel 
{60; 132; 170; 172), including the steps of forming a plu- 
rality of holes (32; 1 1 2; 1 80) in a first electrode plate (30; 
110; 150), fitting, in the plurality Of holes, a plurality of 
photovoltaic elements (10; 1i4). respectively, each of 
which has a P-N junction between a core portion (16; 
120) thereor and a shell portion (18; 122) thereof, elec- 
trically connecting e first portion of the shel portion of 
the each photovoltaic element to tho first electrode 
plate, removing one of opposite second portions of tha 
shell portion of the each photovoltaic element that are 
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located on boih sides of the first portion of the shell por- soldering said layer (12) to the first electrode plaxe 
ton, so that a third portion of me Cora portion of the each (30). 
photovoltaic element that corresponds to ihe one sec- 
ond portion of the shell portion Is exposed, and electri- 4. A method according io Claim 2 or Claim 3, wherein 
cally connecting the third portion of Ihe core portion of * the layer (12) additionally covers said second por- 
The each pholovollaic element io a second electrode tion of the shell portion (IB), and wherein the step 
plate (44; 1 30; 152), wherein at (cast one of the step of of removing said second portion comprises remov- 
eleciiiually connecting the first portion and the step of ing both tho layer (1 ?) over said one ol said second 
eloctncally connecting the third portion comprises sol* portions, and said second portion, 
dering, with a solder (36, 54; 118, 126; 162, 166), a cor- »o 

responding one of the first portion and the third portion 5- A method according to any one ol Claims 1 io 4, 

to a corresponding one of the first electrode plate and further comprising: 
the second electrode plate. 

forming, after said second portion of the shell 
w portion (1 6) Of said each photovoltaic element 

Claims ( 1 o) is removed and said portion of the core por- 
tion (16) of said each element is exposed, an 

1. A method of producing a photovoltaic panel (60; electrically insulating layer (42) covering said 
132; 170: 172), comprising the steps of: exposed portion of the core portion of said each 

20 element and at least a portion of a surface of 
forming a plurality of holes (32; 112; 160) m a the nret electrode plate (90), and 
first electrode plaie(30; 110; 150), removing the insuteting layer covering said por- 
fitting, in said plurality of holes, a plurality of lion of tho core portion of said each photovoltaic 
photovoltaic elements ( 1 0; 1 1 4). respectively, clement 60 that said portion ol the core portion 
each of which has a P-N junction between a « Ig exposed, 
core portion (1B; 120) thereof and a shell por- 
tion (1 B; 122) thereof, 6. A method according to Claim a, further comprising: 
electrically connecting a first portion of the shell 

portion of said each photovoltaic element to the forming said each photovoltaic element (10) 
firsi electrode plate, Irom a silicon-based malenal, so that said each 
removing a second portion of tho shell portion element has the P-N junction between the core 
ot each photovoltaic clement so that a portion portion and the shell portion, and 
of the core portion of each photovoltaic element forming a layer (46) over said exposed portion 
Is exposed, and of (he core portion ( 1 6) of said each photovolta- 
etecrrlcalry connecting said exposed portion of »c clement, 
the core portion of SAld each photovoltaic ele- 
ment to a second electrode plate (44; 1 30: 1 52). 7. A method according to Claim 6, wherein the step of 

electrically connecting said exposed portion com- 

Whereln at least one of the step of electrically prises soldering the layer (4ft) to the second elec- 

connccting said first portion and the step of electri- w trede plate (44). 

caity connecting said exposed portion comprises 

soldering a corresponcSng one of said first portion 8. A method according to any one of Claims 1 to 7, 

and said exposed portion to a corresponding one of furthor comprising forming at least one of the first 

the first electrode pltue and the second electrode electrode plate (30; 110) and the second electrode 

plate. piste (44; 130), by coating at least a portion of one 

surface Of 9 substrate (34, 52; 116, 128) with solder 

2. A method according to Claim 1 , further comprising: (36, 54; 1 1 B. 1 2B). 



forming each photovoltaic element (10) Inom a 
silicon-baaed material, so that said each ele- so 
men! nas the P-N junction between the core 
portion (16) and the shell portion (IB), and 
forming a layer (12) over at least said first por- 
tion of the shell portion (18) of said each pho- 
tovoltaic element. 

3. A method according to Claim 2, wherein the step of 
electrically connecting said first portion comprises 



9. A method according to Claim 6, wherein the step of 
formmg the holes comprises forming the holes (32; 
t12) such that an area of an opening of each of the 
holes that opens on tho surface of the substrate thai 
Is coated with the solder is smaller than an area of 
an opening of said each hole that opens on the op- 
posite surface of me substrate. 

10. A method according lo any one of Claims 1 to 9, 
wherein the step of electrically connecting said first 
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portion and the step of ciectncally connecting said 
exposed portion comprise concurrently carrying out 
&0lh the step ol electrically connecting said first por- 
tion and me step ot eleclrically connecting said ex- 
posed portion 

11. A method according to any one of Claims 1 to 10, 
wherein at least one or the step of electrically con- 
necting said first portion and the step of electrically 
connecting said exposed portion comprises press- 
ing said each photovoltaic element (10; 114), 
against a corresponding one of the first electrode 
plate (30; 1 1 0; 1 50) and the second electrode plate 
(44: 130; 152) 

12. A method of producing a photovoltaic panel (132; 
170; 172), comprising the steps of: 

forming a plurality of holes (112; 160) through 
a first electrode plate (110; 150) including an 
electrically insulating layer (116; 156) and an 
electrically conductive layer (11 B; 156), 
filling, in said plurality of holes, a plurality of 
photovoltaic elements (114) each of which has 
a P-N junction between a core portion (120) 
thereof and a shell portion (122) thereof, 
removing a first portion of the shell portion or 
said each photovoltaic element that is located 
on the side of the insulating layer of the first 
electrode plate, so that a portion of the coro por- 
tion of said each photovoltaic element is ex- 
posed, 

electrically connecting a second portion of the 
shell portion of said each photovoltaic element 
lo the conductive layer of the first electrode 
plate, and 

electrically connecting said exposed portion of 
the core portion of said each photovoltaic ele- 
ment lo a second electrode plate (13D); 1 52>. 

13. A photovoltaic panel (80; 132; 170: 172) compris- 
ing: 

a first electrode plate (30; 110; 150) having a 
plurality of holes (32; 112; 160); 
a plurality of photovoltaic elements (10; 114) 
each of which has a P-N junction between a 
coro portion (16; 120) thereof and a shell por- 
tion (18; 122) thereof covering a first portion of 
the core portion, and which are fitted in said plu- 
rality of holes, such that the shell portion of 
eacn of the photovoltaic elements is electrically 
connected to the first electrode plate; and 
a second electrode plate (30; 130; 152) which 
Is electrically connected to an exposed portion 
of the core portion of said each photovoltaic cl- 
ement 
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wherein at least one of the shell portion and 
said exposed portion of the core portion of said each 
photovoltaic element is soldered (36, 54; 116. 126; 
162, 16B) to a corresponding one ol the first clcc- 
5 troda plate and the second electrode plate. 

14. A photovoltaic panel according to Claim 13, wherein 
said each photovoltaic element (10) is formed from 
a sllcon-bHsed material and additionally includes a 

10 layer (12, 48) over at least ono of the shell ponion 
(18) and *ald exposed poilion ol the core portion 
(16), and said at least one of the shell portion and 
said exposed portion of the core portion is electri- 
cally connected via the layer to said corresponding 

is one of the first electrode plate (30) and the second 
electrode plate (44). 

15. Apholovoltaicpanclaccordlngto Claim 14, wherein 
said material Trom which ihc layer (12, 48) is formed 

20 comprises at least one Of nickel, titanium, copper, 
cobalt, palladium, gold, and silver. 

16. A photovoltaic panel according to Claim 14 or Claim 
15, wherein ai leasl one of the first electrode plate 

25 (110) and the second electrode plate (1 30) compris- 
es an electrical ly insulating substrate (1 1 8, 1 2fl) and 
an electrically conductive, solder layer (118, 126) 
which coots at least r portion of one of opposite sur- 
faces ol the substrate. 

30 

17. A photovoltaic panel according to any one of claims 
1 3 to 1 6, further comprising an annular electrical in- 
sulator (42) which covers an annular portion of ihe 
core portion (1 6) of said each photovoltaic clement 

* (10). 

1Q. A photovoltaic panel according to any one of Claims 
1 3 to 1 7. wherein the first electrode plalo ( 1 1 0) com- 
prises an electrically Insulating substrate (116) and 

40 an elecirteally conductive, soWer layer (1 1 8) which 
coats at least a portion of one of opposite surfaces 
of the substrate, and wherein an area of an opening 
of each of the holes (112) thgt opens on the side of 
said one surface of the substrate is smaller than an 

45 area of an opening of said each hole that opens on 
the side of the other surface of the substrate. 

19. A photovoltaic panel (132; 170; 172) comprising: a 
first electrode plBte (110; 150) Including an etectri- 
so cally insulating layer (116; 156) and a first electri- 
cally conductive layer (110; 156) the first electrode 
plalo having a plurality of holes (112; 1 60) formed 
therein; 

55 a plural iiy of photovoltaic elements (114) each 

of which ha3 a P-N junction between a core por- 
tion (120) thereor and a shell portion (122) 
thereof covering at least a first portion of the 
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core portion that is tacaicd on the side of the 
first cohductlve layer of Ihe electrode plate, and 
which arc filled in said plurality of holes, re- 
spectively, such that the shell portion of each of 
the photovoltaic elements is electrically con* * 
nected to the first electrode plate; ana 
a second electrode plate (130; 152) including a 
second electrically conductive layer (126; 158) 
which is electrically connected to a second por- 
tion of the core portion of said each photovoltaic t o 
element that is located on the side of the insu- 
lating layer of The first electrode plate and is not 
covered by the shell portion. 

20. A photovoltaic panel according to Claim 19, further 
comprising an annular spaco ( 1 34) which surrounds 
an annular portion of the core portion (120) of said 
each photovoltaic element (114) thai Is located be- 
tween said first and second portions thereof. 

20 
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